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a b s t r a c t
In this work, the hydrocyclone geometries namely, overflow diameter, underflow diameter and 
inlet dimensions are altered for analyzing the performance. The Reynolds Stress Model (RSM) is 
applied to forecast flow arenas and its radial profiles. The Discrete Phase Model (DPM) is applied 
to examine the separation effectiveness of particles from water. Three different densities of par-
ticles are utilized for analysis. The radial profile curve is validated with the existing LDA exper-
imental results. It is observed that decreasing the inlet dimensions and underflow diameter and 
increasing the overflow diameter produces good results on pressure drop. The case C hydrocy-
clone has less pressure drop and good collection efficiency when matched to case B and case A. 
The case C hydrocyclone produces good performance compared to other two cases (case B and 
case A) when the particles are in less densities.
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1. Introduction

Hydrocyclones are utilized to separate impurities 
from liquid [1]. The hydrocyclone separates impurities 
or particulate matters from liquid or water through cen-
trifugal force. Hydrocyclones are utilized in paper indus-
tries, textiles, chemical engineering industries, petroleum 
industries, mineral processing industries and agricultural 
industries to remove the impurities from process water or 
liquid. It is utilized in oil industries to isolate oil from water. 
It is also utilized in irrigation purposes to separate silt and 
sand particles from irrigation water. Recently, impact on 
ecosystem is increased due to combined sewer overflows. 
It contains many impurities. The hydrocyclones are utilized 

to remove these contaminants [2]. It is also utilized to 
remove impurities from storm water [3,4].

The hydrocyclone performance is affected due to its 
maximum pressure drop. The geometrical parameters also 
an important factor which affects the separation of particu-
late matters from water. Therefore, altering the geometrical 
parameters and studying the flow characteristics of hydro-
cyclone is required to improve the separation efficiency 
[5,6]. For geometrical modification and improve the sepa-
ration performance in coke handling process, the Taguchi 
method was utilized in previous study [7]. The residence 
time also plays important role in hydrocyclone performance 
[8]. Usually, experimental investigations are increase the 
cost of research work and time. Therefore, many researchers 
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utilized CFD analysis for the investigation. In CFD analy-
sis RSM and Large eddy simulation models are utilized in 
previous studies [5,9].

In CFD analysis RSM is applied recently. It is suggested 
by many researchers due to its suitability to solve complex 
flow [10]. Li et al. [11] deliberated the effects of inlet velocity 
and inlet concentrations on the hydrocyclone to improve the 
performance. The separation characteristics are observed in 
cylindrical hydrocyclone through different kinds of geo-
metrical parameters [12]. The effects axial wave zone is 
studied in separation sharpness by CFD analysis. In that 
analysis, particle separation efficiency has been analyzed 
by DPM for different size of the particles. In addition, flow 
pattern has been obtained for the various size of the parti-
cles [13]. The separation effectiveness is affected due to mis-
placement of particles. The separation sharpness has been 
improved by altering the spigot geometry in previous study 
[14]. Hydrocyclone flow characteristics were examined 
by Laser Doppler Anemometry (LDA) by Quteishat [15].  
In that study, axial and tangential velocity radial profiles 
are created by LDA at different locations. Li et al. [16] exam-
ined about the effect of solid rod on flow field in the hydro-
cyclone. In addition, effect of separation performance has 
been investigated when solid rod existing in the flow field. 
The tangential velocity radial profiles has been examined 
in the exclusion of coke powders from coking waste water 
[17]. The internal flow pattern has been examined in the 
oil separation from water by RSM and experimental anal-
ysis [18]. Gama et al. [19] studied the removal of impurities 
from bentonite clay through CFD analysis. Garcia et al. [20] 
investigated about the performance of mini hydrocyclones 
through CFD analysis. In that investigation particles are 
classified through DPM. Padhi et al. [21] studied the effects 
of various density of particle, sizes and degrees of liberation 
in the hydrocyclone performance. Moreover, cut-size and 
grade efficiency curves has been predicted in that research. 
Hydrocyclones are utilized in mineral processing industries 
for thickening and classification applications. It is opti-
mized by the differential evaluation algorithm for predict-
ing the best geometries in previous studies [22]. Li et al. [23] 
investigated the performance of the hydrocyclone by alter-
ing the arc shaped vortex finder length through numerical 
approach. That research concludes that increasing the arc 
length until 30 mm produces better performance on the col-
lection efficiency. Jing et al. [24] investigated the separation 
performance of hydrocyclone in the desanding process. 
In that research, the water is mixed with oil for reducing 
the viscosity and increasing the desanding effect in oil 
separation process. Raesi and Maddahian [25] applied air 
injection methodology in hydrocyclone for enhancing the 
oil- water separation process. It concludes that the air injec-
tion methodology enhances the separation performance.

In past decades, authors predominantly considered cir-
cular cross section inlet hydrocyclone for enhance the per-
formance. Moreover, various optimization techniques uti-
lized to alter the geometries of the hydrocyclone like circular 
inlet, outlet, and height of the cyclone and cone angle for 
enhance the separation efficiency and reduce the pressure 
drop. On the other hand, one of the author proposed a rect-
angular inlet hydrocyclone with new dimensions for indus-
trial applications [15]. In that research, author predicted flow 

characteristics curves through LDA approach. It is identified 
that the optimum geometrical parameters are not utilized in 
the previously proposed rectangular inlet hydrocyclones. 
Therefore, that proposed rectangular inlet hydrocyclone has 
high pressure drop. As a result, it produces a lower separa-
tion efficiency.

The literature report indicates that the pressure drop 
in the hydrocyclone is increased because of its geometrical 
parameters. The separation effectiveness is affected due to 
this large pressure drop. Due to this reason, most of the 
impurities are overflow through the outlet tube. As a result 
of this, contaminant level is increased in the water. It cre-
ates a major pollution effects in the water. Moreover, incre-
ment in pressure drop affects the energy consumption factor. 
The purpose of this research work is improving the sepa-
ration performance by reducing the pressure drop through 
optimum geometrical parameters and reducing the impu-
rities level in the water.

The literature report indicates that the overflow diam-
eter, underflow diameter and inlet dimensions are openly 
correlated to the pressure drop and separation sharpness. 
Thus, in this research, above mentioned dimensions are 
altered for analysis. The CFD approach is utilized to predict 
the flow field and separation effectiveness for this altered 
geometry of the hydrocyclone.

2. Reference model

Quteishat [15] investigated the flow characteristics 
curves of rectangular inlet Hydrocyclone through LDA 
approach. In this work, this model is taken as reference 
model (Case A) for investigating the performance. The lit-
erature report indicates that the geometrical parameters 
namely, inlet height (Dih) and inlet width (Dib), overflow 
diameter (De), and underflow diameter (Du) have great 
influence on the performance of hydrocyclone. Therefore, 
in present simulation, above mentioned four parameters 
are opted for alteration. Three cases considered in this sim-
ulation. Case A is the reference model. In case B and case 
C, above mentioned four geometrical sizes are altered and 
remaining parameters considered same as case A. The inlet 
height is decreased from 76.2 to 66.2 mm. The inlet width is 
decreased from 63.5 to 53.5  mm. The underflow diameter 
is decreased from 38.1 to 30.1 mm. The overflow diameter 
is increased from 76.2 to 86.2 mm (From case A to case B).

As per the literature report, increment in the inlet height 
and width increases the head. As a result, it increases the 
pressure drop because the pressure drop is directly pro-
portional to head. Therefore, in this work, the inlet height 
and width dimensions are decreased until 63.5  mm and 
53.5 mm respectively. Further decrement in the inlet dimen-
sions beyond this limit decreases the particle loading capa-
bility. It directly affects the collection efficiency. Moreover, 
it reduces the pressure drop drastically. Drastic reduction 
in pressure drop beyond a certain limit leads to poor col-
lection efficiency when the high dense particles are existing 
in the fluid. It may create a fouling or particles are settled 
at the inlet. Moreover, overflow diameter is indirectly pro-
portional to the head. Therefore, increasing the overflow 
diameter decreases the head. As a result, it decreases the 
pressure drop. In this work, maximum increment of the 
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overflow diameter is 86.2  mm. It is noted that increasing 
the overflow diameter beyond this limit produces drastic 
decrement in pressure drop. It affects the efficiency when 
the high dense particles are flow with water. The geomet-
rical size details of these three cases are given in Table 1. 
The layout drawing of the hydrocyclone is shown in Fig. 1.

3. CFD analysis

3.1. Numerical settings and schemes

The RSM utilizes seven additional transport equations 
for solving the 3D complex flows. Moreover, it applies the 
RANS equations for solving the Reynolds stresses through 
the transport equations [26]. In addition, it utilizes dissipa-
tion rate for solving this equations. Furthermore, RSM is a 
best suitable model for solving the flows like swirl, rapid 
changes in strain rate, streamline curvature and rotational 
flows in rigorous way compare to other turbulence models 
[26]. RSM is suitable for solving complex flow problems 
because greater grid refinement is possible near the wall 
in this scheme. Hence, RSM is opted in present simulation 
instead of k-ε model. The Ansys Fluent 15.0 simulation 
package is employed in this simulation [5].

3.2. Equations for turbulence model

The continuity equations for incompressible flow flow 
in hydrocyclone can be written as [26]

∂
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where ρ is the liquid density, υ is the kinematic viscosity of 
liquid, P‾ is the mean pressure.
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Rij is the Reynolds stress tensor.
where u′i is the fluctuating velocity component, it can be 
written as:

′ = −u u ui i i 	 (4)

Finally the RSM equation can be written as:
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The production term equation can be written as:
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where P is the kinetic energy production, vt is the eddy 
viscosity.

The transport equation for the turbulence dissipation 
rate, ε can be written as:
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where K is kinetic energy fluctuation, which is given as:

K uui l= ′ ′
1
2

	 (8)

The constants are σk = 1, C1 = 1.8, C2 = 0.6, σε = 1.3, Cε1 = 1.44 
and Cε2 = 1.92.

The DRW scheme is applied to estimate the turbulent 
dispersion [5].Fig. 1. Layout drawing of Hydrocyclone.

Table 1
Dimensions of the hydrocyclone

Case Dih (mm) Dib (mm) Du (mm) De (mm) D (mm) L (mm) H1 (mm) H2 (mm) l (mm)

Case A 76.2 63.5 38.1 76.2 152.4 562.1 238.25 323.85 189
Case B 71.2 58.5 34.1 81.2 152.4 562.1 238.25 323.85 189
Case C 66.2 53.5 30.1 86.2 152.4 562.1 238.25 323.85 189



S. Venkatesh et al. / Desalination and Water Treatment 244 (2021) 157–166160

The prompt velocity in the ith route is quantified as:

′ = ′ ′u uui i lζ 	 (9)

where ζ is the typically dispersed random number. Where u′, 
v′ and w′ is the reality time of the turbulent eddy. ′ ′uui l  is the 
RMS variation velocity

The life time of the eddy can be written as:

Te = 2Ti	 (10)

Turn over time eddy can be written as:

Te = 0.3Ke  for the RSTM	 (11)

Te = –Ti log r	 (12)

Here, r is the dependable arbitrary number (0 to 1).
The functional magnitude deviates from 0 (far the wall) 

to 1 (near the wall) [27]. Therefore, this model produces 
more precise results in contrary pressure gradients. The 
simulation schemes applied for accurate convergence is 
provided in Table 2. Furthermore, the accurate convergence 
is established through the residual value of 10–4 [28,29]. The 
velocity and pressure flow is perceived till they achieve con-
stant. Initially, hybrid initialization is executed for iteration. 
Afterwards, the iteration is initiated with 0.0001 s. The over-
all time step is stated as 5 and number iteration per time 
step is 20.

To obtain the accurate pressure field and to impose mass 
conversation, the SIMPLE algorithm applies a relations 
between pressure and velocity correction factors [26]. The 
QUICK algorithm is utilized when the structured meshes are 
aligned with direction of flow for improving the calculation 
accuracy. The second order upwind scheme is utilized for 
achieving the high order accuracy at cell faces when solving 
the complex flow problems [26].

3.3. Discrete phase model (DPM)

The particle phase is simulated by the Eulerian-
Lagrangian method. One way coupling is employed to 
resolve the two stage stream. At this point, the water is the 
nonstop phase and particulates are the sprinkled uncon-
nected phase. The Navier-stokes equation (steady state) 
is applied in present simulation for solving the water/liq-
uid phase [5,11–14,26]. The Lagrangian frame is applied 
to analyse the particle trajectory. The crossing point amid 
the particles are abandoned. The Runge-Kutta frame is 
employed to solve discrete equations [26].

To enhance the accuracy in particle simulation, assump-
tions like continuum fluid, 10%–12% fraction volume, per-
fect elastic condition, feeding of particles small at inlet are 
considered in DPM [26]. Morsi and Alexander [30] cor-
relations is applied to predict drag coefficient (CD).

The DPM equations can be written as
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3.4. Boundary condition

The velocity inlet condition is provided normal to inlet 
face. The inlet velocity is given as 0.48  m/s. The pressure 
outlet state is provided at the overflow and underflow 
ports. The atmospheric pressure is considered at these out-
lets. The intensity of turbulence is given as 5% (for inlet and 
outlet). The given hydraulic diameter value at the inlet is 
0.0692  m. Density of water considered in this simulation 
is 998.2  kg/m3. Viscosity considered for the simulation is 
0.001003  kg/ms. Remaining surfaces of the hydrocyclone 
are considered as walls (No slip condition is given). For 
the particle simulation, the escape condition is opted at 
the overflow port. Trap condition is given at the underflow 
port. Reflect condition is given at the remaining walls. The 
mass flow rate of the particulate is 20 g/s. Uniform particle 
size is considered for simulation. In this simulation, parti-
cle sizes from 5 to 170 µm have been utilized for analysis. 
In each particle size, 7500 number of particles are injected 
at the inlet port of the hydrocyclone for predicting the 
collection efficiency. Three different kind of densities uti-
lized for analyzing the efficiency. The particle densities 
considered for analysis are 2,800; 3,800 and 4,800 kg/m3.

3.5. Mesh generation and validation

The solid model is developed in PTC-CREO package. 
Finite Volume Method (FEM) is applied to develop hexa-
hedral grids which is shown in Fig. 2. High smoothing and 
fine relevance center choice is opted to develop fine grids. 
In this work, 510890 grids are generated for case A, 509850, 
grids are generated for case B and 510250 grids are gener-
ated for case C. Highest number of grids (Fine) selected for 
avoiding the computational uncertainty. Grid Independence 
study (GIS) has been established to validate the grid qual-
ity. In GIS, three kinds of grids generated namely, coarse 
(M1), medium (M2) and fine (M3) grids. The pressure 
drop is calculated for each kind of grids. The results are 

Table 2
Solution method

Solution method Scheme 

Pressure-velocity coupling SIMPLE [5]
Specific dissipation rate Second order upwind [5,9]
Momentum Second order upwind [5,9]
Spatial discretization QUICK
Turbulent kinetic energy Second order upwind [5,9]



161S. Venkatesh et al. / Desalination and Water Treatment 244 (2021) 157–166

provided in Table 3. According to the Richardson’s theory, 
refinement ratio should be greater than 1.3 [31]. Current 
simulation indicates that the refinement ratio between fine 
and medium gird is 1.4. Further, refinement ration between 
medium and coarse grid is 1.42. Moreover, the pressure 
drop for all kind of grids are almost same. There is no large 
deviation occurs. These results concludes that the grids 
are in good quality. Further, it is suitable for simulation.

3.6. Validation of the CFD results

Quteishat [15] generated the axial velocity radial pro-
files for Hydrocyclone at various axial locations by LDA. In 
this work, that experimental LDA results are taken for vali-
dation. The simulation parameters and geometrical param-
eters considered in the present simulation is same as that 
of the Quteishat [15] experiment. Quteishat [15] developed 
axial velocity radial profile through LDA at Z  =  345  mm. 
In current simulation, the axial velocity profile is created 
through CFD analysis at the same axial location. The vali-
dation profile is given in Fig. 3. It indicates that CFD and 
LDA results are coincide with each other, tolerable range 
of discrepancy only occurred between experimental and 
CFD results. Hence, the present simulation conditions are 
suitable for investigating the performance of hydrocyclone.

4. Results and discussion

4.1. Pressure field

In this work, the pressure contours of hydrocyclone 
for the three cases are developed through CFD analysis. 
These pressure contours are plotted at velocity 0.48  m/s, 
the contours are shown in Fig. 4. Further, the pressure drop 
is estimated for the velocities 0.48, 0.58, 0.68 and 0.78 m/s 
respectively, the plot is shown in Fig. 5. The contour plot 
indicates that the hydrocyclone pressure drop is increased 
near the wall region. Further, it is noted that the pressure 
drop is decreased radially towards the centre axis of the 
hydrocyclone. At the upper half (cylindrical region) of 
hydrocyclone, the pressure drop is greater when it is com-
pared to lower half (Conical region). It is noted that the 
pressure drop slightly increases near the inner tube parti-
tion of the vortex finder, it is radially decreases towards the 
centre axis. The inlet velocity is increased from 0.48 m/s to 
0.78 m/s for estimating the pressure drop of the three cases. 
Lowest pressure drop existing at velocity 0.48 m/s and high-
est pressure drop existing at velocity 0.78 m/s for these three 

cases of the hydrocyclone. The lowest pressure drop for 
these three cases are 312.3 Pa (Case A), 176.7 Pa (Case B) and 
142.1 Pa (Case C) at the velocity of 0.48 m/s. The maximum 
pressure drop for these three cases are 758.2  Pa (Case A), 
337.4 Pa (Case B) and 281.2 Pa (Case C) at 0.78 m/s velocity. 
The pressure drop in case B is 43.4% less when compared 
to case A. The pressure drop in case C is 54.5% less when 
compared to case A. The literature report indicates in past 
decades, the pressure drop is decreased when decreasing 
the inlet dimensions of the hydrocyclone. Further, the pres-
sure drop is decreased when increasing the overflow dimen-
sions of the hydrocyclone. In current simulation, the inlet 
height is decreased from 76.2 to 66.2 mm. The inlet width is 
decreased from 63.5 to 53.5 mm. The overflow diameter is  
increased from 76.2 to 86.2  mm. The underflow diameter 
is decreased from 38.1 to 30.1 mm.

The radial profiles are developed in the axial station of 
hydrocyclone at Z = 345 mm for these three cases which is 
shown in Fig. 6. These profiles indicates that the least pres-
sure drop is existing at the case C. the maximum pressure 
drop is existing at the case A. It shows that the pressure 
drop reaches its maximum point adjacent the partition 
region and it is minimum at the middle region. These 
results conclude that modification of these geometrical 
parameter size is effectively influences in the pressure drop 
value. Hence, reduction in pressure drop improve the per-
formance of the hydrocyclone and its collection efficiency.

4.2. Velocity field

The tangential and axial velocities are important fac-
tors in the performance of the hydrocyclone. The velocity 

Fig. 2. Hydrocyclone mesh diagram.

Fig. 3. Validation results at Z = 345 mm (LDA experiment vs. CFD).

Table 3
GIS details

Mesh No. of elements Pressure drop (Pa)

M1 256987 312.98
M2 364921 312.36
M3 510890 312.31
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contours are created for the three different cases of the 
hydrocyclone at 0.48  m/s velocity. The tangential veloc-
ity contours are shown in Fig. 7 and the axial velocity 
diagrams are shown in Fig. 8. The contour plot indicates 
that the tangential velocity reaches extreme magnitude at 

the top portion (near the wall of inlet) of the cylindrical 
unit. The tangential velocity is maximum at the upper half 
region of the hydrocyclone and it is tiniest at the lower half 
region. Further, the tangential velocity is increased at the 
inner partition of the vortex finder tube and it is gradually 

Fig. 4. Pressure contours (Pa) for Case A, Case B and Case C.

Fig. 5. Pressure drop vs. inlet velocity.

Fig. 6. Pressure drop radial profile.
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decreased at the centre point of vortex finder. Similarly, 
tangential velocity is increased radially until particu-
lar point then it is slightly decreased near the wall of the 
hydrocyclone. It is observed that tiniest tangential velocity 
is existing at the centre axis of the bottom of the conical sec-
tion. It indicates that reverse flow is occurred at the inward 
vortex of the hydrocyclone. Therefore, minimum pressure 
drop is existing at the bottom half. Hence, the particles 
are separated from the water and it is settled at bottom 
through the underflow port. The axial velocity is decreased 
near the wall region of the hydrocyclone. It is slightly 
increased at the centre axis. The axial velocity is reached 
its minimum magnitude at the underflow port and it is 
reached maximum magnitude in the vortex finder region. 
In case A and case B, the extreme axial velocity is existing 
at the inner vortex province when it is linked to case C.

The radial profiles for the tangential and axial veloc-
ity are created at the axial location of the hydrocyclone 
at Z  =  345  mm for the three cases. It is shown in Fig. 9. 
The tangential velocity radial profile shows that the veloc-
ity is increases from centre point towards radially until 
radial point 31  mm. After reaching its maximum point 
then it is slightly decreased towards the wall. It is look-
ing like M shape curve. The axial velocity profile demon-
strates that the velocity is slightly amplified at the centre 
axis and it is radially decreased until radial point 14 mm. 
Afterwards, it reaches its peak point at the radial distance 
of 31 mm from the centre axis. After reaching its peak point 
then it is little bit diverged from its maximum point until 
the wall of the hydrocyclone. It is looking like W shape 
curve. The tangential velocity and axial velocity magnitude 
is less in the case C when equated to the case B and case 

Fig. 7. Tangential velocity (m/s) contours for Case A, Case B and Case C.

Fig. 8. Axial velocity (m/s) contours for Case A, Case B and Case C.
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A. Therefore, the pressure drop of the case C is less when 
equated to other two cases.

4.3. Efficiency comparison

The DPM has been applied for predicting the effi-
ciency for individual particle size. Three different density 
of particle is utilized for analyzing the efficiency. The simu-
lation is initiated by 550000 step length factor with 5 num-
ber of steps. The particle densities such as 2,800, 3,800 and 
4,800  kg/m3 are utilized in this simulation. The efficiency 
plots are shown in Fig. 10. The particle efficiency is esti-
mated by taking the ratio of number particles trapped to 
the number of particles injected. These efficiency plots are 
indicates that case C produces better collection efficiency 
compare to case A and case B. The Eq. (17) indicates that 
the tangential velocity is directly proportional to the pres-
sure drop. Thus, increment in tangential velocity increases 
the pressure drop. Further, increment in pressure drop 
in the hydrocyclone decreases the separation efficiency. 
In present simulation, tangential velocity of the case C 
hydrocyclone is slightly less when compared to the other 
two cases (Case A and B). Therefore, it confirms that the 
case C produces less pressure drop. Moreover, it produces 
maximum separation efficiency due its less pressure drop.

∆p = 0.5 ρgVi
2Hv	 (17)

Initially, 2,800 kg/m3 density of particle is injected at the 
inlet of hydrocyclone. The results show that 50 % of the par-
ticles are collected at 80 µm size in case A. Moreover, it is 
noted that 50% of the particles are gathered at 69 µm size in 
case B and 50% of the particles are gathered at 58 µm size 
in case C. It indicates that the case C produces better sepa-
ration when the particles are in lowest density. The case C 
hydrocyclone produces maximum efficiency when the par-
ticles are in 140 µm. It is 10% higher than the case B and 15% 
higher than the case A.

Afterwards, 3,800  kg/m3 density of particle injected for 
analysis. It is observed that 50% efficiency is obtained at 
66 µm for case A. In case B, 50% particles are separated at 
54 µm. In case C, 50 % particles are separated at 52 µm. It 

indicates that separation of particles from water is increased 
when increasing the density of particles. At 120  µm, the 
case C produces maximum efficiency. It is noted that col-
lection efficiency of the case C hydrocyclone is 5% higher 
than the case B and 10% higher than the case A.

Afterwards, 4,800  kg/m3 density of particle injected for 
analysis. In case A, 50% efficiency is obtained at 60 µm. In 
case B, 50% efficiency is obtained at 51 µm. In case C, 50% 
efficiency is occurred at 40 µm. At 110 µm, the case C hydro-
cyclone produces maximum efficiency. It is 5% higher than 
the case B and 8% higher than the case A.

The important objective of this research work is increas-
ing the separation of impurities from water by reducing the 
pressure drop. The pressure drop and separation perfor-
mance is directly related to structure and geometrical factors 
of the rectangular inlet hydrocyclone. Moreover, reduc-
ing the pressure drop consumes less energy. Therefore, in 
this work, the hydrocyclone structure has been tested with 
different geometries for achieving the better separation 
efficiency. Four new geometric ratios are proposed from 
this work for applying the obtained effects in a large scale 
(remaining factors are the same) which is given in Table 4. 
These new geometric ratios are useful to enlarge the hydro-
cyclone for various large scale applications. One can vary 
all the dimensions of the hydrocyclone by varying the body 
diameter through this new ratios for different applications.

Fig. 9. (a) Radial profile tangential velocity and (b) Radial profile axial velocity for Case A, Case B and Case C.

Table 4
New dimensions of the hydrocyclone

Geometric factors New ratios

Dih/D 0.435
Dib/D 0.351
Du/D 0.198
De/D 0.566
L/D 3.69
H1/D 1.57
H2/D 2.125
L/D 1.24
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5. Conclusion

In this work, the rectangular inlet hydrocyclone geom-
etries are modified through CFD analysis. The flow char-
acteristics curves for pressure and velocity is obtained 
through CFD analysis. The following points are observed in 
this investigation:

•	 New geometric ratios are proposed through this inves-
tigation. One can apply this new geometric ratios for 
large scale applications for increasing the separation 
effects in hydrocyclone.

•	 Lowest pressure drop existing at velocity 0.48  m/s and 
highest pressure drop existing at velocity 0.78  m/s for 
these three cases of the hydrocyclone. The lowest pres-
sure drop for these three cases are 312.3  Pa (Case A), 
176.7 Pa (Case B) and 142.1 Pa (Case C) at the velocity of 
0.48 m/s. The pressure drop in case B is 43.4% less when 
compared to case A. The pressure drop in case C is 54.5% 
less when compared to case A.

•	 The inlet dimensions namely, decreasing the inlet height 
76.2 to 66.2 mm and decreasing the inlet width from 63.5 
to 53.5 mm have great influences on minimizing the pres-
sure drop.

•	 Moreover, increasing the overflow diameter 76.2 to 
86.2  mm and decreasing the underflow diameter from 
38.1 to 30.1  mm given excellent decrement in pressure 
drop.

•	 It is observed that the case C hydrocyclone separate max-
imum particles from water when compared to other two 

cases (A and B) and it has less pressure drop compared to 
other two cases.

•	 It is observed that case C separates 10% higher parti-
cles compared to case B and separates 15% higher par-
ticles compared to case A when the density of particle is 
2,800 kg/m3.

•	 It is noted that collection efficiency of the case C hydro-
cyclone is 5% higher than the case B and 10% higher than 
the case A when the density of particle is 3,800 kg/m3.

•	 Moreover, separation efficiency of case C is 5% higher 
than the case B and 8% higher than the case A when the 
density of particle is 4,800 kg/m3.
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Symbols

FD	 —	 Drag force, N
ρp, ρg	 —	 Particle density, fluid or gas density, kg/m3

µ	 —	 Fluid viscosity, kg/ms
µt	 —	 Turbulence viscosity, Pa·s
dp	 —	 Particle diameter, m
δij	 —	 Boundary layer thickness
CD	 —	 Drag coefficient of particle
upi	 —	 Particle velocity, m/s

Fig. 10. (a) Efficiency at density 2,800 kg/m3, (b) efficiency at density 3,800 kg/m3, and (c) efficiency at density 4,800 kg/m3.
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U	 —	 Fluid phase velocity, m/s
Re	 —	 Relative Reynolds number
xpi	 —	 Position of particles in i direction
Dih	 —	 Inlet height, mm
Dib	 —	 Inlet width, mm
De	 —	 Overflow diameter, mm
Du	 —	 Underflow diameter, mm
H1	 —	 Length of conical section, mm
H2	 —	 Length of cylindrical section, mm
D	 —	 Hydrocyclone cylinder diameter, mm
L	 —	 Total length, mm
l	 —	 Vortex tube length, mm
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